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§ 11. Improvement of 8f Monte Carlo 
Simulation for Neoclassical Transport 
Okamoto, M., Nakajima, N. 
A new 8 f method, solving drift kinetic equation, 
for neoclassical transport calculation has been 
presented [1 ]. In this new method, two weight-
s are employed to model the source term of the 
drift kinetic equation for the perturbed distribu-
tion function f 1 (or 8 f). The weight equations 
are given by 
W = 
1 
Jo w [- I wS Mdw - vd · V' fo + C (/o,/t)] 
(1) 
W= 
1
Jow [-I wSMdw-vd·V'fo+ I SMdw] 
(2) 
Here, / 0 is the equilibrium distribution function, 
/1 (or 8 f) is the perturbed function to be solved, 
vd is the drift velocity, C(/0 , f!) is the colli-
sion operator to ensure momentum and energy 
conservations, and S M is the particle source to 
keep statistical accuracy. Using this two weight 
method, ion thermal diffusivity, parallel flow, 
which decrease significantly near the magnetic 
axis, have been successfully obtained [1 ]. The 
validity of this two weight method is sutied in 
Ref. [2]. Brunner et al. [3] considered weight 
equations considering the average weight field 
and pointed out that particle weights in the ex-
tended space ( r, v, w' w) spread in real phase s-
pace (r, v). 
We improve the of simula.tion code by reducing 
weight spreading or variance following [3]. In a 
small bin in velocity space, we assume the form 
of average weight as 
Wo' H\' and w2 are determined by 
l:wi = l:W(v) 
l:viwi · l:viw(v) 
l:v?wi = l:v?W(v) 
(3) 
(4) 
(5) 
(6) 
The weight wi is re-assigned by 
(7) 
Another weight wi is re-assigned likewise. 
We test this reduction scheme by solving the col-
lision equation ; 
8/1 8t = C(f1, fo) + C(fo, f1) (8) 
The steady solution to this equation is given by 
/1 =(co+ C1 · V/Vth + C2(v/Vth)2)/M (9) 
Here, the first, second, and third terms repre-
sent perturbations of density, momentum, and 
energy. The constants are determined by ini-
tial condition. Test calculations are done for 
nt = (1 "' 5) X 10\ ~t = 10-2 "' 10-3 , 
~V...L = ~vii = 0.4, where nt is the number of 
test particles, ~t is the time mesh normalized 
by collision time, and ~V...L and ~vii are spatial 
meshes in velocity space normalized by thermal 
speed. The initial weight for particle i is given 
by 
Wi(t = 0) =(co+ C1 ·Vi/Vat+ c2(vi/Vth)2) (10) 
We measure the weight spreading in the j- th 
bin given by 
(11) 
where nb is the particle number in the bin. If 
weights are averaged, the spreading is reduced 
by 10 to 100 times compared to the case without 
averaging. 
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